WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61M 1/38, A61K 35/14 



Al 



(11) International Publication Number: WO 95/04560 

(43) International Publication Date: 16 February 1995 (16.02.95) 



(21) International Application Number: PCT/EP94/02640 

(22) International Filing Date: 9 August 1994 (09.08.94) 



(30) Priority Data: 
08/104,984 



10 August 1993 (10.08.93) 



US 



(71) Applicant (for all d esign ated States except US)i AO- 

FORSCHUNGSINSTITUT [CH/CH]; Qavadelerstrasse, 
CH-7270 Davos (CH). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): TEPIC, Slobodan [HR/CH]; 
Oberestrasse 20, CH-7270 Davos (CH). 

(74) Agent: LUSUARDI, Werther, G.; Dr. Lusuardi AG, 
Kreuzbuhlstrasse 8, CH-8008 Zurich (CH). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, LU, 
LV, MG, MN, MV7\ NL, NO, NZ, PL, PT, RO, RU, SD, 
SE, SK, UA US, UZ, VN, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report . 

Before die expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TREATMENT OF TUMORS BY SELECTIVE PROTEIN DEPLETION 
(57) Abstract 

The invention describes a method of treatment of tumors based on a fundamental dynamic difference between the normal and tumor 
cells, which underscores the very danger of tumors - their propensity to grow and proliferate under conditions where normal cells would 
not do so. The preferred mode of treatment is by extracorporeal blood conditioning, whereby the concentration of one of the (essential) 
amino acids is the control parameter. The blood is passed through a filter where the blood cells and the high molecular weight constituents 
are separated from a plasma fraction containing low molecular weight substances, including amino acids. The fraction with low molecular 
weight substances is reacted against either adsorption or decomposing agents and returned to the blood. The filtration is done to decrease the 
concentration - increase is controlled by simply injecting the amino acid. A single treatment session includes at least four phases whereby 
the concentration is first decreased (collecting all cells in the Go phase); then increased (pushing the tumor cells over restriction point); then 
decreased to minimum level possible (killing the tumor cells); and finally normalized. 
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TREATMENT OF TUMORS BY SELECTIVE PROTEIN DEPLETION 



FIELD OF THE INVENTION 

This invention relates to a treatment of tumors based on a universal 
difference between normal and tumor cells in the dynamics of growth. 
This difference in growth dynamics accounts for controllability of the 
system of mixed populations of normal and tumor cells by means of a 
common source of nutrients - blood circulation. Using the 
concentration of one essential nutrient (preferably an essential amino 
acid) in the blood, tumor cells anywhere in the body can be selectively 
depleted of essential products (preferably proteins) to the level 
insufficient for survival, while normal cells continue to live and, those 
cells which normally do so, proliferate following the treatment. 



BACKGROUND ART 

Cancer is the second (after cardio-vascular diseases) leading cause of 
death in the developed world. An enormous research effort of the last 
decades has produced dramatic advances in understanding 
mechanisms of transformation, i.e. of the process by which a normal 
cell becomes cancerous. The pace of discovery has quickened in the 
last several years with new tools of molecular biology coming to aid, 
many of which have actually been developed in the effort to 
understand cancer. Unfortunately, the treatment of cancers has not 
seen much improvement, and with several notable exceptions, the 
five-year survival rate has remained about the same throughout this 
period of several decades - some 50% overall. 

In multicellular organisms, division of an individual cell is an event 
controlled by the needs of the whole organism. While most cells are 
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capable of dividing, or mitosis, they rarely do so if not stimulated to 
by the conditions of the tissues they form. If an injury is inflicted, for 
example, the local, as well as the infiltrating cells, may respond by 
mitosis and tissue regeneration in order to repair the damage. Once 
the repair is done, the cells return to their quiet existence without 
proliferation. In some cases, the division of cells is a rule rather than 
exception. For example, in the bone marrow, cell proliferation 
continuously provides for blood cells replenishment. The intestinal 
lining cells also proliferate continuously in order to make up for the 
loss of the outermost layers where in the harsh environment cells do 
not last very long. In a healthy individual the steady state is well 
controlled by local conditions of blood supply, geometrical inter- 
cellular relationships, territorial integrity, as well as by systemic 
factors such as growth factors production, nutrient availability, and 
the like. The imbalance between cell proliferation and cell death 
caused by the loss of normal mitotic cycle controls leads to a tumor or 
neoplasm. If the growth remains local, the tumor is said to be benign, 
and a complete surgical resection leads to cure. Some tumors, 
however, possess mechanisms needed for the spread into, and 
proliferation in other tissues. Such tumors are characterized as 
malignant, and are referred to as cancers. The spread involves cell 
separation from the local tumor mass, entry into the blood or 
lymphatic circulation, transport to another site, exit into and 
continued growth at inappropriate sites. Treatment of cancers which 
have spread to various locations, and have formed the secondary 
tumors, or metastases, is very difficult - in order to succeed, the 
attack must be selective. Finding selective strategies is the main topic 
of clinical cancer research efforts. Indeed, the possibility of 
discovering a successful cancer treatment must be the main 
motivation of all research on cancer and related aspects of cell biology. 

In general, tumors appear to be monoclonal, i.e. all of the tumor cells 
have descended from a single progenitor cell. Transformation which 
has made the progenitor cell cancerous is a slow, multiple stage 
process, requiring in most known cases a number of specific genetic 
defects. The genes affected are called oncogenes and the products they 
encode oncoproteins. The changes in DNA sequence may be produced 
by chemical carcinogens, ionizing radiation or viral infection, but 
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many other factors play a role in the process. The end effect by which 
the cell is recognized as tumorous is the apparent lack of proliferation 
control. To decide whether a cell is transformed or not one can make 
two functional tests: (1) if the cell divides in suspension, i.e. without 
"anchorage" ; or (2) if the cell grows into a tumor in a nude mouse (a 
mouse with no immune system), the cell most likely is transformed. 
The discovery of the first oncogen inspired a great deal of optimism 
based on the hope that perhaps only that single defect needed to be 
somehow corrected to cure cancer. But tens of oncogens (just over one 
hundred by now) were identified very quickly and it became clear 
that cancer was what it has been taken for - a multitude of diseases. 
Nevertheless, they all do lead to very similar manifestations and 
ultimate common path in the death of the patient, keeping the hope 
alive that there might be a single cure yet. 

As of now, the surgical treatment, whenever possible, is still the most 
efficient treatment - if the cancer has not spread from its primary 
site, the complete resection of the tumor leads to cure of the cancer. If 
surgery is not possible, or the spread of cancer cells has occurred prior 
to surgery, chemotherapy may kill some types of cancers. Not all 
types are susceptible, however, and the treatment is in any case a 
balancing game - killing as much of the cancer without killing the 
patient. The toxic chemicals used for chemotherapy are specific to 
different phases of the cell cycle, and only a number of cells will be 
killed by any single dose - some of them cancerous, some of them 
normal cells that proliferate continuously (most importantly cells in 
the bone marrow and intestines). Treatment protocols have been 
developed over years of experimentation and clinical use aimed at 
combining different drugs in ways to maximize the chances of cancer 
elimination. Radiation treatment is another possibility, used mostly in 
conjunction with surgery. In this case, again, the problem is 
differentiating sufficiently between the normal and cancerous tissue. 
Even when the cancer is spatially distinct, the methods of radiation 
delivery available today are not precise enough. Asynchronous cell 
proliferation is a major drawback here as well - cells are not equally 
susceptible to radiation in different parts of the cycle. 
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Other physical treatment approaches have been tried and have to a 
great extent remained experimental - local hyperthermia (produced 
by ultrasound), for example, has been employed as an adjunct to 
chemotherapy. 

Most promising of the new approaches are those based on using either 
naturally occurring, or engineered, substances that can interfere with 
cancer growth and spread: Tumor Necrosis Factor has been identified 
and tested in native and modified forms; Lymphokine Activated Killer 
cells have been prepared and used in conjunction with interleukine-2; 
vaccination against melanoma, which appears to have characteristic 
surface markers, has been under development; "magic bullet" drugs, 
i.e. cytotoxic drugs targeted by the aid of specific antibodies, show a 
great promise against cancers that display antigens not found on the 
normal cells, etc. As the details of transformation fill in, new 
possibilities will certainly open up. Just over one hundred oncogenes 
have been identified - the proteins they encode are found at different 
locations within the cell, and a troubling possibility exists that many 
cancer cells may not be identified as such by their surface antigens. 
Entering the cell in order to intervene, while not impossible, is going 
to be a lot more difficult than to exert the action on the surface. And 
nothing very efficient has been done even for those types of cancer 
that do possess strong surface antigens. 

The unique approach presented here is based on the most universal of 
the features of all tumor cells - the property that in fact defines them 
as tumorous - their propensity to grow and proliferate under 
conditions where normal cells would not. 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the drawings: 

Figure 1 Self-enlarging synthesis plant 
Figure 2 Numerical solutions to the growth function 
Figure 3 A graph of the effect on the cell growth function of the 
initial condition of the cells prior to treatment using the 
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system of the present invention 

Figure 4 Cell cycle representation, on the mu curves 

Figure 5 Relative positions of the cell cycle on the my curves 

Figure 6 A simple, three-tank, controllable system 

Figure 7 A basic control strategy to selectively kill tumor cells 

Figure 8 Basic blood filtration system 

Figure 9 Blood filtration system with the secondary circulation 

Figure 10 Enzymes immobilized on direct contact surfaces 

Figure 11 Enzymes immobilized behind a molecular sieve 

Figure 12 Secondary circulation with enzymes in solution 

Figure 13 Secondary circulation with gel-bead-bound enzymes 

Figure 14 Two-stage filtration 

Figure 15 Multiple stage filtration with a secondary circulation 

Figure 16 A complete system for extracorporeal blood treatment 



DETAILED DESCRIPTION OF THE INVENTION 
Growth model 

For the benefit of the reader and better understanding of the 
invention, an original (unpublished) cell growth model is presented 
first. It successfully describes the known features of cell growth and 
allows for a rational discussion of the cell cycle. The treatment 
proposed is based on, and can be best understood with the help of the 
growth/cycle diagrams which result from the model. 

In this model, the product A is synthesized in a synthesis plant. A 
region of synthesis of the product A is denoted by 5 a - In the case of a 
cell, this region of synthesis would be typically on an internal 
membrane. The precursor of A is supplied by the source Sp , as shown 
on Figure 1. 

Assumptions: 

(a) the synthesis plant is a self-enlarging plant so that the synthesis 
of product A at synthesis region 5a results in an enlargement of 
synthesis region 5a ; 

(b) A undergoes turnover; 
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(c) precursor Pa is supplied via resistive path - path length is 
proportional to the square root of the size of Sa (see assumption (d)), 
i.e. system is uniformly expanding; 

(d) 5a is a 2D structure, i.e. mass of A at S A is proportional to the 
surface of Sa . 

Note: Assumption (d) is not of crucial importance - it merely changes 
an exponent in the final equation. If bio-mass (macro-molecular 
substances) is concentrated on membranes it would be proportional to 
8 2 , where 8 is a linear measure of the cell size. If the bio-mass was 
concentrated in volumes, mass would be proportional to 8 3 . In reality 
m is proportional to 8 X , where 2<x<3 (and probably closer to 2). 

In the equations of growth variables are defined as follows: 

t - time 

m a - mass of A at Sa 

mp - mass of precursor Pa at Sa 

cpo - concentration of precursor Pa at Sp , whereby Sp denotes the 

source of the precursor Pa ; 

cpa - concentration of precursor P A at Sa 

caa - concentration of A at Sa 

ntAS - mass of A synthesized at Sa • 

Flow of precursor between Sp and Sa and its mass balance at Sa ' 
d>2JL= c P9 - c PA m d/^ where R . s ^ tQtal resistance (1) 

from Sp to Sa 

Rate of synthesis of A at Sa : 
dm c 

AS - a CpA m A f where a is a constant, (2) 



df 



cpa is the concentration of 
precursor at Sa , and is the 
mass of A at Sa (size of 
synthesizing region). We 
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assume that concentration caa 
of A at 5a remains constant as 
Sa grows. 



dm a = dmAS - y mA df .where y is the turnover constant. (3) 
Assuming for now no accumulation of the precursor at Sa » i.e. setting 



dm p 
dt 



= 0 , (1) gives: 



dmAS cpp - cpa 
dt R 



(4) 



and (2), (4) give: 



dm a s _ cpp 1 dm as 
dt R " a R m A 



which gives 



dm a s _ C PQ a m A 
dt "a JJ mA + 1 



(5) 



Now (3), (5) give: 



dm a _ cpp a. m a 
dt " a J? m a + 1 



- 7 /ha 



(6) 



With the assumption (d), i.e. mA is proportional to 8 2 , we can state: 
JR = p Vota. and rewrite (6) as: 



dm a c j>p a m a 
dt ~ a p m A 3/2 + 1 



-ym A 



(7) 



Equation (7) is a non-linear differential equation that describes 
growth of the bio-synthesizing region Sa modelled with assumptions 
(a) to (d). Parameters in the equation: 
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cpo - concentration of the precursor at its source Sp 

a - synthesis constant 

y - turnover constant 

p - resistance for precursor transport. 

Equation (7) has no closed form solution. So we can look at some basic 
properties of the solution, and than solve the equation numerically. 

Leaving the subscripts out for simplicity we can rewrite: 

dm cam 



dt a p m 3/2 + l 



-Y» (8) 



dm 

Firstly, note that is a function of m, but not of t. 



Let = 0 to find extrema: 

at 

m el =0, m.2 = [;(;-;)] 2/3 

p y a 

For physical relevance p , y , a > 0. Several special features of the 
solution to (8) : 

dm 

* If a = 0 , (8) reduces to — — =-ym, which leads to 

at 

m = mo e" 7 * , i.e. m will exponentially decay from its initial value mo 
to 0; 

* If a > 0 and either p = 0, or y = 0 m will grow without bounds; 

* For a > 0, p > 0, and y > 0 m will grow (or shrink, depending on 
mo) asymptotically to m e . 



Figure 2 shows solutions to (8) found numerically using Runge-Kutta 
method. Note the influence of the initial condition m(0) = mo on the 
solution: 
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* If mo = 0, then m=0 ; 

1 c 1 

* If 0<mo<m e , m asymptotically grows to m e 2 = [~ ( )] 2/3 ; 

p y a 

* If mo = ^e, then m = mo\ 

* If mo > nte* *n asymptotically shrinks to m e . (curve 4, Figure 3) 

The initial condition mo determines the shape of the growth curve at 
t=0: 

* For 0<mo<mi (inflection point) curve starts as concave (curve 1, 
Figure 3); 

* For mo = mi curve starts as linear (curve 2, Figure 3): 

* For mi <mo <m e curve starts as convex (curve 3, Figure 3). 

Let us turn our attention now to cell growth by assuming that its 
global bio-synthesis can be described by a multitude of well 
synchronized processes described by equation (8), so that the cell 
mass (at least its bio-synthesizing component) will also be 
represented by Equation (8). Further, let us assume that the cell 
commitment to division is governed by a (still hypothetical, with some 
candidates being currently investigated) protein V . Protein U is 
synthesized on a membrane of the size proportional to the total cell 
mass. Protein U undergoes rapid turnover. It binds to a nucleus- 
localized receptor. Once the nucleus receptor is saturated, excess U 
accumulates outside the nucleus and triggers the cell for the next 
cycle (crossing over the restriction point into S-phase). 

With above assumptions we can state that the quantity m\j of U 
present in the cell will be determined by equation (8) (assumption of 
rapid turnover leads to quantity of U being simply proportional to 
the size of the synthesizing region). Commitment to division is then 
described by the condition that my exceeds a threshold level myt 
Figure 4. The crossing would correspond to passing the restriction 
point R, i.e. entry into S-phase. The growth function past the point R 
might be different - on Figure 4, and all those that follow, it is shown 
as a simple extension (dashed line). 

The shape of the growth curve will depend on the relation of mue to 
mut . Figures 5a to 5c show three possibilities: 
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(i) If the cell cycle portion of the growth curve is centered on the 
inflection point muz, i.e. mm = (muo + 2mjjo)IX or muo = 2f3mvi 9l 
growth will be linear for all practical considerations, Figure 5a. The 
best-fit line through that section of the curve gives coefficient of 
determination of R 2 = 0.99993 ! That explains why the measurements 
of amino acid incorporation, done with full growth support, show 
constant rate throughout the cycle (and suggests that under those 
conditions the cycle is nearly centered on the inflection point). 

(ii) Figure 5b shows a convex shape of the cell cycle portion of the 
growth curve with muo > mm- The convexity is more pronounced as 
mue approaches mvt (a slowly expanding culture). 

(iii) Figure 5c shows a cell cycle on the concave part of the growth 
curve with 2m uo <mui- This requires a high value of mve with 
respect to mvt- The limit on mue may make it difficult to establish 
this condition. * 

An interesting situation develops if mo>m e . The cell should shrink to 
m e . Now, it is reasonable to expect that for the vital functions the cell 
needs a minimum amount of mass (protein) - should the m e be pulled 
bellow this minimum, the cell will die on its way tom e . 

Controllability 

In this section a brief introduction to the concept of controllability is 
given by way of an illustration. Figure 6 shows a simple linear 
dynamic system comprising three fluid tanks connected by piping and 
a single pump to a larger fluid reservoir. Each of the tanks as seen 
from the pump has a time constant which is the product of the 
resistance to flow and the capacitance of the tank. If the three time 
constants are different one can show that the system is point-wise 
controllable. That means that it can be transferred from any initial 
state, defined in this case by the three levels of fluid in the tanks, to 
any final (desired) state in a finite time by some control action, in this 
case by the work of that single pump. In fact, any number of tanks 
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connected to the pump in the way shown, provided the time constants 
are all different, is also controllable. Formally, this can be checked by 
a controllability criterion : 

A linear system T"(i) = A.X. + ILlL 

a t 

JL=C x 

where x is the state vector of length n, u is the control vector of 
length r, and y_ is the output vector of length m, of the system defined 
by the matrices A,, B and C_ , is controllable if and only if the nxnr 
composite matrix [B, A^B, A. 2 B, . . . A 11 " 1 !!] is of rank n. 

Any number of tanks that would have the same time constant would 
behave in the same way, as the pump is used to pump the fluid in and 
out of the reservoir - they would not be independently controllable. 
For non-liner systems criteria of controllability are more complicated 
and will not be shown here, in spite of the fact that cells as modelled 
above do show strong non-linearity in the dynamics of growth. The 
example with tanks presented here is believed to serve as an 
important analogue to the problem at hand. It is rather 
counterintuitive to accept the possibility of controlling those tanks 
with a single pump. We shall make good use of the fluid tanks 
example in contemplating strategies for selective tumor depletion. 

Cell as a capacitance 

In the growth model of the cell we have seen that the equilibrium size 
of the cell is a function of the precursor concentration: 

m e 2= ["("• ~)1 2/3 ; the higher the concentration c, the higher the 
p Y a 

equilibrium size m e i- Influence of the other constants is easy to 
appreciate as well - the equilibrium size (ultimately the amount of the 
trigger protein V) is increased by: (i) higher synthesis constant a; (ii) 
lower turnover constant y; and (iii) lower transport resistances p. 
There are good indications that the process of transformation leads to 
some or all of the contributing factors to push the m e i higher. The 
enormous complexity of the bio-synthesis process, whereby tens of 
thousands of substances are produced in a fully coordinated fashion, 
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should not scare one away from taking a global view in modelling the 
cell - equation (8) does very well in showing the basic features of total 
cell mass dynamics. Consider a non-dividing cell in equilibrium, 
whereby the amount of products it is able to synthesize under the 
conditions given is just enough to compensate for the breakdown of 
those products. If the concentration of the precursor, and we shall 
consider only one - the critical, or limiting one of all those going into 
the process of synthesis, is changed to a lower value c ne w» the cell will 
reduce its mass to the new value determined by m e 2(c n ew). In doing 
so it will behave very much as a fluid tank changing its level in 
response to a change in pressure in the supply line. Nonlinearity of 
the response, by which the cell response differs from that of a simple 
tank, will depend on the step size. If the concentration of the critical 
precursor is now increased, the cell will respond by a mass increase. 
Most of the mass is protein and the building blocks are 20 amino acids 
(lysine, arginine and histidine with basic side chains; aspartic and 
glutamic acid with acidic side chains; asparagine, glutamine, 
serine, threonine and tyrosine with uncharged polar side chains; 
glycine, alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan and cysteine with 
nonpolar side chains). Ten of those (arginine, threonine, 
methionine, lysine, valine, leucine, isoleucine, histidine, 
phenylalanine and tryptophan) are essential for vertebrates, i.e. 
they cannot be synthesized from any other substances and thus must 
be taken through diet (arginine can be synthesized, but apparently 
not in sufficient amounts). While any of the amino acids could be 
selected as a control parameter for the cell growth - lack of any single 
one totally inhibits protein synthesis - taking a nonessential one may 
require stronger control to fight cells' ability to compensate by 
increased synthesis. This strongly suggests controlling the 
concentration of one of the essential amino acids. Amino acids are free 
to cross the cell membrane and the internal pool, with some 
exceptions, is most of the time near equilibrium with the extracellular 
fluid, which in turn is near equilibrium with the blood levels. Thus 
controlling the level of at least one, and preferably of only one, 
essential amino acid in the blood circulation should give an effective 
control input to the cell protein synthesis process. 
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Strategy 

Having presented a very simple controllable system which should 
serve only as a remote analogy to the problem at hand, we turn our 
attention to planing a strategy of attack on tumor cells. The goal is 
clear: to control the conditions of systemic nutrient availability during 
a finite time in such a way as to selectively deplete the pool of tumor 
cells of essential products. The control problem is complicated by the 
fact that cell populations undergoing division are not synchronized - 
that is true for both the normal cells (bone marrow, intestines) and 
the tumor cells. If one were to use standard approach to control, the 
initial conditions should be known. The control variables are the 
masses of normal and cancer cells in a body. The control input is the 
concentration of an essential nutrient, an essential amino acid. The 
system is moved from an initial state to the desired final state by 
some control input, which in this case is the varying concentration of a 
selected essential amino acid over a finite time. Based upon the initial 
conditions and the desired final state, the optimal input function can 
be calculated. Bringing all the cells to synchronism (into the rest 
phase, for example) will define, or set, the initial conditions. So the 
first goal is to synchronize - a long sought condition that should be of 
great benefit to conventional treatments (chemotherapy, radiation 
therapy) as well. According to the model presented above the cells 
which are dividing have the "equilibrium" (not in the true sense since 
they are prevented from reaching it by the constant cycling) value 
mue of the trigger protein U higher than the threshold level mut- 
Since mue is determined by the equilibrium size m € of the cell, 
which in turn is determined by the concentration of the (critical) 
precursor c, we can use the concentration of the precursor c to stop 
cell division. The most plausible explanation for the transformation is 
that, under the same conditions, including the precursor concentration 
c, 

mue /tumor > mue /normal. 
So if c is lowered sufficiently for tumor cells to stop dividing, the 
normal ones will stop as well. Thus, in the first phase of the treatment, 
as shown on Figure 7, c is to be decreased until all cells enter the rest 
phase, or Go. Once this is done we can initiate further control with the 
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known initial conditions. Preferably, the task of killing the tumor will 
be completed by control of the concentration of the chosen amino acid 
alone, but one could take an alternative approach and use this first 
step as synchronization only, followed by a conventional treatment 
such as chemotherapy. In the next, and most critically precise step, 
the concentration is increased to the level at which the tumor cells 
will cycle, but the normal ones will not (this is the condition which 
would be most suitable for conventional treatments - the normal cells 
are protected in Go and the tumor cells could be attacked as they 
cycle through mitosis). The task of controlling the system is now going 
to be much simpler. Tumor cells have been pushed over the 
restriction point and must complete the next division or otherwise die. 
So after a time of holding the concentration at this critical level, in the 
third phase it is decreased to the lowest possible level (caring to avoid 
systemic collapse due to lack of proteins). All of the cells are now 
loosing their mass, but the normal ones started much bigger - from 
the Go phase of the cycle - while the tumor ones have just completed 
a division (M phase) and have a mass of perhaps 2/3 of the normal 
ones! Controllability of the system has been used to a great advantage 
- beyond what could be done with a linear system. After several 
hours tumor cells will run out of the minimum amount of protein 
needed, and die, while the normal cells are still safely above that 
limit. At the end, in the fourth phase, the concentration of the 
controlled amino acid is brought back to normal. 

In all of above we have considered only the intrinsic parameters of 
cells (i.e. a , y , p ), ignoring the external, additional influences past 
that of c. For example, it is clear that an external resistance on 
transport will influence the dynamics, by effectively increasing 
internal transport loses p. However, ignoring the external resistances 
can be justified in view of the micro-organization of tumors. They 
grow in globular structures with blood vessels attracted towards the 
globules and supplying the outer layers of dividing cells. Below the 
outer layer, or two, tumor cells are in the rest phase. The core, if big 
enough, is necrotic. Thus, targeting only the outermost layer adjacent 
to blood supply should suffice - any cells sandwiched between 
necrotic layers will die as well. 
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Implementation 

In this section a detailed description is given of the preferred 
implementation schemes of the strategy presented above. Two basic 
approaches to the treatment are possible: (1) to exert control over the 
concentration of the selected amino acid in an extracorporeal 
circulation apparatus resembling that used for dialysis; (2) to exert 
the control intracorporally, by decomposing or deactivating (masking) 
the selected amino acid by chemical means. Increasing the 
concentration in both cases is done by injecting the required amount 
of the amino acid. The first method appears more elegant, safer and 
probably allows for tighter control. The second one is more convenient 
to implement, but may cause stronger side effects. 

Extracorporeal control approach requires connections to an artery 
(femoral for example) and a vein and an interposed filter to remove 
the selected amino acid. Figure 8 shows an apparatus of one 
embodiment of the present invention in a simple configuration 
whereby the blood is taken out of arterial circulation through a tube 
1, pumped by the pump 2 through a filter 3 and back into venous 
circulation through a tube 4. Figure 9 shows another embodiment of 
the present invention depicting an arrangement of apparatus 
components in more detail. The basic configuration remains the same 
for both adsorptive and decomposing approach to control. The filter 3 
is a hollow fiber type with the blood moving through a set of tubes 5 
connected in parallel at the inlet 6 and the outlet 7 of the filter. The 
extrafibrilar space between the hollow fibers (tubes) is denoted by 8 
and is incorporated into another closed loop circulation driven by the 
pump 9. The flow through the extrafibrilar space 8 is directed in the 
opposite direction and the pressure drops are adjusted so that the 
pressure in the blood stream at the inlet 6 is higher than the pressure 
at the outlet 11 of the medium flowing through the space 8, which we 
shall refer to as external flow, while the pressure at the inlet 10 of the 
external flow is higher than the pressure at the outlet 7 of the blood 
flow. A detail of the hollow fiber 5 shows the blood flow 12 inside the 
fiber. Blood cells are denoted by 15. The wall 13 of the fiber is a 
molecular sieve allowing passage of only low molecular substances 
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and water (with the cut-off at a few thousand Daltons, preferably 10 
to 30 thousand). The external flow 14 through the space 8 is directed 
in the opposite direction. Figures 10 through 13 show different 
possibilities of removing the selected amino acid. All of these apply to 
both adsorption and decomposition, but one or another may be more 
suitable to the approach chosen. In Figure 10 an enzyme 16 is 
immobilized on the inner wall of the tubing 5. The blood flow 12 
(blood cells are shown by 15) moves along the walls and the selected 
amino acid is either adsorbed or decomposed by the action of the 
enzyme 16. This is the least efficient method proposed - the surface 
available for enzyme immobilization is very limited and the fluid is 
stationary along the walls, bringing the substances in contact mostly 
by diffusion. Additionally, blood is in direct contact with the enzyme 
which if released would enter the flow, but also be exposed to 
unwanted interactions with high-molecular components of the blood 
plasma, perhaps even with the blood cells. Since the walls are 
impermeable, the external circulation (driven by pump 9) is not 
needed. Figure 11 shows an improvement with the fiber walls 19 
allowing passage of water and small solutes. Due to the pressure 
gradients set up as described above, the fluid flows out from the 
tubes at the inlet of blood stream as shown by the arrows 17 and 
returns at the outlet as shown by the arrows 18. The active enzyme 
16 is immobilized on the outer wall of the tube 19. A known hollow 
fiber technology exists whereby the outside of the fiber is made 
porous. Such tubing would offer a bigger surface to be covered by the 
active enzyme. Figure 12 shows an arrangement where the external 
flow 14 carries the enzyme 16 in solution. This increases the chances 
of selected amino acid/enzyme interaction. As before, the cross flow is 
out of the blood stream at the inlet, arrow 17, and back into the blood 
stream, arrow 18, at the outlet of the filter. Figure 13 shows a 
modification of the arrangement shown on Figure 12 inasmuch the 
enzyme 16 is immobilized on cross-linked gel beads 20 being pumped 
in the external circulation 14. Handling of such a system at times of 
enzyme saturation (if adsorption is used) is superior to the free 
solution system of Figure 12. Figure 14 shows a modification, where 
the external flow is now pumped by a pump 21 through a gel-bed 
type filter 22 with the gel-bound enzyme 23. The external flow again 
contains only the low-molecular components of blood plasma filtered 
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in the first stage filter 3. The pump 21 can compensate for the high 
pressure drop in the filter 22 tightly packed with the gel beads. 
Pressures at the inlet and outlet of the external flow can be 
additionally controlled to keep the conditions of the cross flow in the 
hollow fiber filter 3 as explained on figure 9. Tightly packed gel filter 
22 will yield higher amino acid removal efficiency than dispersed gel 
beads flowing in the external circulation of figure 9. 

The higher the single filter pass removal ratio, the higher the speed of 
control of the selected amino acid concentration on the whole body 
leveL An estimate of the time constant for control can be made as the 
ratio of the "holdup" (total amount of amino acids in the body) to 
"throughput" (amino acid mass flow through the extracorporeal filter). 
If the efficiency of the filter was 100%, i.e. assuming total removal in 
a single filter pass, time constant with the femoral artery tap would 
be on the order of two to four hours - sufficiently fast for the control 
requirements against cell cycle duration of about 24 hours. 

Due to increase in viscosity of the blood by removal of the plasma 
fluid, the efficiency of the filter arrangements depicted above is 
limited to about 10% in a single stage. Multiple stages can be utilized 
as depicted on Figure 15. In this arrangement low molecular 
components of blood plasma are pushed out from the blood in the 
first filter 31, reacted with the enzyme(s), and returned to the blood 
stream in the second filter 32. This is repeated in the third and fourth 
filters, 33 and 34, respectively, and then again in the fifth and sixth 
filters, 35 and 36. Enzyme(s) are pumped by the pump 37 in parallel 
with the blood in order to maintain approximately constant pressure 
difference along the filters. This leads to better utilization of the filter. 
With three stages of two filters each, the total efficiency of amino acid 
removal is about 50%, increasing the time constant to four to eight 
hours. 

Figure 16 shows another configuration of filters, whereby the 
efficiency of removal is greatly enhanced by dilution, or "washing", of 
the blood prior to filtration. A peristaltic blood pump 40 moves the 
blood from the arterial blood line 41, through an expansion chamber 
42, into the first blood filter 43, which is preferably of a fiber- type. 
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Arterial line pressure is measured by the gauge 44. Heparin, which 
may be used for anticoagulation, is injected into blood stream by an 
injection pump 45. Filter inlet pressure is measured in the expansion 
chamber by the gauge 46. Another pump 47 pumps dilution fluid into 
the expansion chamber 42 where it is mixed with the blood prior to 
entry into the filter 43 through the inlet port 50. All of the flow added 
to the blood by the pump 47 is removed by filtration in the filter 43. 
Filtrate is removed via the jacket port 48, and partially recirculated 
by the pump 65. Inlet pressure to the pump 65 is measured by the 
gauge 66. Pressure in the expansion chamber 67 is measured by the 
gauge 68 and controlled by the valve 69 connected to a pressure 
source. In this way the pressure drop from the inlet jacket port 49 to 
the outlet jacket port 48 can be controlled, as well as the pressure at 
the port 49. This allows for matching the pressure profile outside the 
fibers along the filter length to the pressure profile inside the fibers, 
and thus the most efficient utilization of the filter area. The filtrate, 
i.e. the dilution fluid, is moved from the jacket port 48 to a reactor 
chamber 52. On the way to the rector, this filtrate is mixed with the 
enzyme-carrying fluid emanating from the outlet 57 of the second 
filter 55. Enzyme-carrying fluid is pumped from the reactor 52 by the 
pump 53 back into the filter 55 via the inlet port 56. Output pressure 
of the pump 53 is monitored by the gauge 54. Enzyme(s) action is 
exerted on the amino acid(s) filtered from the blood in the filter 43 
during the time the mixture is held in the reactor 52. In the filter 55 
enzyme(s) are confined to the inside of filter fibers while the fluid 
carrying the reaction products is filtered out and removed via the 
jacket port 58. From here it is pumped back into blood stream by the 
pump 47. Inlet pressure for the pump 47 as well as for the pump 61 
is measured by the gauge 60. The purpose of the pump 61 for the 
filter 55 is the same as that of the pump 65 for the filter 43 — to 
control the profile of pressure drop within the filter jacket. Output 
pressure of the pump 61 is monitored and controlled by the gauge 63 
and the valve 64 attached to the lines via the expansion chamber 62. 
The blood flow rate at the outlet 51 of the filter 43 is the same as that 
through the blood pump 40, i.e. there is no change of blood volume in 
the machine. The concentration of the amino acid being controlled at 
the blood filter outlet 51 depends on the ratio of dilution fluid being 
added to the blood prior to filtration. For a ratio of the blood flow to 



WO 55/04560 



PCI7EP94/02640 



-1 9- 

the dilution fluid flow of 1:2, concentration at the outlet is about one 
third of that at the inlet. If this is not sufficient, one can either 
increase this ratio, or send the blood through another, identical 
filtration stage (less the blood pump). In two filtration stages, 
approximately 90% removal of the amino acid is possible by this 
arrangement. This is clearly a superior embodiment to the one 
depicted on Figure 15, whereby the blood was passing through six 
filters for only a 50% removal. The additive effects of diffusion across 
the filter may increase efficiencies of both configurations. Some 
enzyme(s) will leak across the fiber walls of filter 55 and into the 
blood stream, but this is controllable by filter selection in general 
30 kDaltons cut-off is sufficient to retain most enzymes considered. 
After exiting from the filter 43 blood stream may be injected by an 
amino acid by the injection pump 70. Prior to return via venous line 
73, blood passes through the bubble catcher 71. The pressure in the 
return line is monitored by the gauge 72. 

All of the pressure gauges are monitored by the computer/controller 
76. It also receives data from the amino analyzer 74, which on 
request by the computer/controller takes a blood sample via blood 
line 75. All computer/controller input data lines 77 are marked by 
dashed lines. All outputs 78 from the computer/controller are marked 
by dash-period-lines. They are setting control parameters to all 
pumps as requested by the feedback regulation of the amino acid 
concentration at the inlet to the apparatus (which is equal to systemic 
levels) in order to follow a pre-programmed sequence 79 supplied to 
the computer/controller 76. The patient 80 may be continuously 
connected to the apparatus for the best possible control, but the same 
apparatus may be used to process the blood in small batches. Single- 
needle hemodialysis is an example of such small batch processing. 

Pumps and filters must be designed to minimize damage of the blood 
cells. The technology used for dialysis and blood oxygenating 
machines can be readily applied. The only specific problem in this 
case is the enzymatic system to remove the selected amino acid. 

Amino acids which are not utilized for synthesis of proteins and other 
nitrogen-containing compounds enter various metabolic pathways 
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whereby they get converted into mostly energy supplying substances. 
The liver and muscles, and to a lesser extent brain and kidneys are 
the main sites of amino acid degradation. While it might be possible to 
use plant, or microbial degradation enzymes, it appears that the best, 
and safest approach is to chose a pathway occurring naturally in 
mammals. In selecting one of a great number of possibilities 
consideration should be given to several issues: selectivity of the 
enzymatic action; possible toxicity of the byproducts; availability, 
purity and the cost of the enzyme; cofactors; energy requirements, etc. 
The following list is by no means comprehensive - it simply lists some 
possibilities considered acceptable in view of the criteria above. If 
threonine is selected for control, threonine aldolase can be used 
to degrade threonine into glycine and acetaldehyde. For 
phenylalanine the enzyme phenylalanine hydroxylase can be 
used to convert it into tyrosine - cofactor is DL-6-methyI-5, 6,7,8- 
tetra-hydropterine. Arginine can be catabolized to urea and 
ornithine by arginase. Histidine can be converted to urocanic 
acid by histidine ammonia-lyase. Tryptophan is degraded by 
tryptophan 2,3-dioxygenase into N-formylkynurenine. 

In the natural process of protein assembly amino acids are first 
attached to a specific tRNA molecule. The process of attachment is 
highly specific, is well understood and suggests itself as a model for 
the adsorption filter design. Several possibilities will be described and 
are to be used with the filter arrangements shown on figures 9 and 11 
to 14. Any one of the amino acids selected can be removed from the 
blood in this manner. 

An amino acid attachment to its corresponding tRNA proceeds in two 
steps, both catalyzed by the same enzyme aminoacyl-tRNA 
synthetase and powered by ATP (adenosine triphosphate). In the 
first step the amino acid is activated by formation of an amino acyl- 
adenylate (also called amino acyl' AMP '; AMP for adenosine 
monophosphate) from an amino acid and ATP. In the absence of the 
corresponding tRNA, the aminoacyl-AMP intermediate is a stable 
molecule and does not dissociate from the synthetase. This points to 
the first possibility for the removal of the selected amino acid - use of 
the corresponding aminoacyl-tRNA synthetase and ATP in the 
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external circulation of the filter according to figures 9, 11 to 13, or the 
external flow in the filter 22 of figure 14. In the external flow of 
figure 9, the enzyme may be used free in solution (molecular weight 
of these synthetases is on the order of 100 to 200 kDaltons and can be 
easily kept isolated from the blood flow behind the molecular sieve of 
the hollow fiber filter) or bound to a crosslinked gel. Immobilizing on 
the crosslinked agarose gel can be done for example with a commonly 
used ligand such as CIBACRON BLUE F3GA. ATP is added to the 
external circulation as needed. 

In the second step the aminoacyl group of the aminoacyl-AMP is 
transferred to a tRNA to form aminoacyl-tRNA which is an active 
intermediate in the protein synthesis. This is a further possibility of 
removal of the selected amino acid from the blood stream. If the 
corresponding tRNA is supplied the enzyme aminoacyl-tRNA 
synthetase can be used only to couple the amino acid to tRNA instead 
of binding it itself. Relevant filter configurations are shown on figures 
9 and 11 to 14. Both the selected aminoacyl-tRNA synthetase and the 
corresponding tRNA can be supplied to the external circulation in 
solution. Alternatively, the enzyme can be gel-immobilized and tRNA 
supplied in solution, or tRNA can be gel-immobilized and the enzyme 
supplied in solution. All of the intermediates and the products are 
large enough to remain isolated from the blood flow behind the 
molecular sieve. 

Searches of scientific and patent literature have revealed several 
references containing relevant information. No prior attempt has been 
made to devise a dynamic regimen of treatment aimed at selective 
depletion of protein in cancer cells, or the apparatus to carry out such 
a program. Abstracts of the papers included hereby are provided as 
an evidence of positive effects that restriction on amino acid supply 
can have on tumor growth. Most relevant from the patent literature is 
the U.S. Patent No. 4,955,857 by Shettigar. It describes a blood filter 
loaded by selected degradative amino acids enzymes. The aim of that 
invention was to minimize side effects of intravenous enzymes* 
injections used for tumor treatment, particularly for certain leukemia 
types. 
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AN 92082371. 

AU Yeatman-T-J, Risley-G-L, Brunson-M-E. 

IN Department of Surgery, University of Texas, MD Anderson Cancer 

Center, Houston 77036. 
Tl Depletion of dietary arginine inhibits growth of metastatic tumor 
SOArch-Surg 1991 Nov, VOL: 126 (11), P: 1376-81; discussion 1381-2 

ISSN: 0004-0010. 

AB The effects of dietary arginine on the growth of a murine colon tumor 
metastatic to the liver were examined in a model of advanced 
neoplastic disease. Tumor growth was influenced by arginine both in 
vivo and in vitro. An arginine-supplemented diet stimulated tumor 
growth by 55% compared with controls. Conversely, an arginine- 
depleted diet inhibited tumor growth by 78% compared with controls. 
In vitro culture of both murine and human colon tumor cells confirmed 
that arginine was necessary for cell growth. Flow-cytometric analysis . 
using propidium iodide and bromodeoxyuridine suggested that colon 
tumor cells cultured without arginine enter a quiescent S phase and 
depend on arginine for further growth and cell cycle progression. The 
potential roles for selective dietary arginine modulation in patients 
with cancer with advanced disease are discussed. Author. 
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AN 91331208. 

AU Taylor-M-W, Feng-G-S. 

IN Department of Biology, Indiana University, Bloomington 47405. 

Tl Relationship between interferon-gamma, indoleamine 2,3-dioxygenase, 
and tryptophan catabolism (see comments). 

SO FASEB-J 1991 Aug, VOL: 5 (11), P: 2516-22, ISSN: 0892-6638 60 Refs. 

CM Comment in: FASEB-J 1991 Nov; 5(14):3003-4. 

AB Interferons have been shown to be potential anti-cancer agents and to 
inhibit tumor cell growth in culture. The in vivo mechanism of the 
anti-proliferative effect may be direct or indirect through the 
immune system; however, in vitro a primary mechanism of cytotoxicity 
is through the depletion of tryptophan. In particular, interferon- 
gamma (IFN-gamma) induces an enzyme of tryptophan catabolism, 
indoleamine 2,3-dioxygenase (IDO), which is responsible for 
conversion of tryptophan and other indole derivatives to kynurenine. 
The inhibitory effect of interferon on many intracellular parasites 
such as Toxoplasma gondii and Chlamydia trachomatis is by the same 
mechanism. Elevated kynurenine levels have been found in humans in a 
number of diseases and after interferon treatment, and the enzyme is 
induced in rodents after administration of interferon inducers, or 
influenza virus. IDO induction also occurs in vivo during rejection 
of allogeneic tumors, indicating a possible role for this enzyme in 
the tumor rejection process. The gene for IDO has been cloned and 
shown to be differentially regulated by IFN-alpha and IFN-gamma. IDO 
induction has been correlated with induction of GTP-cycIohydrolase, 
the key enzyme in pteridine biosynthesis. A direct role for IDO in 
pteridine synthesis has not been shown, and this parallel induction 
may reflect coordinate regulation of genes induced by IFN-gamma. A 
possible role for IDO in 02-radical scavenging and in inflammation is 
discussed. Author. 
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AN 92125173. 

AU Brown-R-R, Ozaki-Y, Datta-S-P, Borden-E-C, Sondel-P-M, Malone-D-G. 
IN Department of Human Oncology, University of Wisconsin Medical School, 
Madison 53792. 

Tl Implications of interferon-induced tryptophan catabolism in cancer, 
auto-immune diseases and AIDS. 

SO Adv-Exp-Med-Biol 1991, VOL: 294, P: 425-35, ISSN: 0065-2598 77 Refs. 

AB Tryptophan (Trp) is an indispensable amino acid required for 
biosynthesis of proteins, serotonin and niacin. Indoleamine 2,3- 
dioxygenase (IDO) is induced by infections, viruses, 
lipopolysaccharides, or interferons (IFNs) and this results in 
significant catabolism of Trp along the kynurenine (Kyn) pathway. 
Intracellular growth of Toxoplasma gondii and Chlamydia psittaci in 
human fibroblasts in vitro is inhibited by IFN-gamma and this 
inhibition is negated by extra Trp in the medium. Similarly, growth 
of a number of human cell lines in vitro is inhibited by IFN-gamma 
and addition of extra Trp restores growth. Thus, in some in vitro 
systems, antiproliferative effects of IFN-gamma are mediated by 
induced depletion of Trp. We find that cancer patients given Type I 
or Type II IFNs can induce IDO which results in decreased serum Trp 
levels (20-50% of pretreatment) and increased urinary metabolites of 
the Kyn pathway (5 to 500 fold of pretreatment). We speculate that in 
vivo antineoplastic effects of IFNs and clinical side effects are 
mediated, at least in part, by a general or localized depletion of 
Trp. In view of reported increases of IFNs in autoimmune diseases and 
our earlier findings of elevated urinary Trp metabolites in 
autoimmune diseases, it seems likely that systemic or local depletion 
of Trp occurs in autoimmune diseases and may relate to degeneration, 
wasting and other symptoms in such diseases. We find high levels of 
IDO in cells isolated from synovia of arthritic joints. IFNs are also 

elevated in human immunodeficiency virus (HIV) patients and 
increasing IFN levels are associated with a worsening prognosis. We 
propose that IDO is induced chronically by HIV infection, is further 
increased by opportunistic infections, and that this chronic loss of 
Trp initiates mechanisms responsible for the cachexia, dementia, 
diarrhea and possibly immunosuppression of AIDS patients, in these 
symptoms, AIDS resembles classical pellagra due to dietary deficiency 
of Trp and niacin. In preliminary studies, others report low levels 
of Trp and serotonin, and elevated levels of Kyn and quinolinic acid 
in AIDS patients. The implications of these data in cancer, 
autoimmune diseases and AIDS are discussed. Author. 
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AN 93251363. 

AU Ho-D-H, Covington-W-P, Wallerstein-R-O, Hester-J-P, Lin-J-R, Brown-N- 

S, Newman-R-A, Krakoff-I-H, Freireich-E-J. 
IN Division of Medicine, University of Texas, M.D. Anderson Cancer 

Center, Houston 77030. 
Tl Depletion of patients' plasma tryptophan using tryptophan side-chain 

oxidase columns. 
SO Cancer-Invest 1993, VOL: 1 1 (3), P: 252-7, ISSN: 0735-7907. 



AB The use of the enzyme tryptophan side-chain oxidase, isolated from 
Pseudomonas XA, was explored in 3 patients with refractory acute 
lymphocytic leukemia. Patients were given either a low-tryptophan 
diet or tryptophan-free hyperalimentation, prior to and during 
therapy. Their plasma, separated by pheresis, was continuously passed 
through a tryptophan depletion column containing the immobilized 
tryptophan side-chain oxidase. Up to 4 plasma volumes were passed 
through the column daily, 5 days per week for 2-3 weeks, and plasma 
tryptophan levels, both free and total, were measured by high- 
performance liquid chromatography. Pre- and postcolumn plasma samples 
were collected throughout the pheresis procedure. All post colum n 
plasma samples had unmeasurable tryptophan levels throughout the 
"treatment period, whereas precolumn samples were always measurable. 
Generally, tryptophan levels of plasma isolated from peripheral blood 
decreased after therapy, but rebounded by the next day. The enzyme 
depletion column reduces circulating plasma tryptophan levels, and 
its use is well tolerated by patients. However, further development 
of this method will require study of the effects of diet and of the 
duration, interval, and frequency of use of this column on 
therapeutic efficacy. Problems include difficulties with extended 
diet compliance and apparently intensive mobilization of tryptophan 
from body stores, which may preclude the clinical application of this 
enzyme depletion column. Author. 
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1. Blood treatment apparatus comprising means for moving blood 
from the inlet port to the outlet port of said apparatus through means 
for reacting low molecular components of said blood with a chemical 
agent which reduces concentration of at least one of the essential 
amino acids arginine, threonine, methionine, lysine, valine, leucine, 
isoleucine, histidine, phenylalanine or tryptophan, in said blood, 
means for increasing said concentration by addition of said essential 
amino acids to said blood, means for measuring said concentration of 
said essential amino acids in said blood, and means for executing a 
pre-programmed sequence of changes of said concentration. 

2. Apparatus according to claim 1, whereby said means for moving 
said blood comprise at least one extracorporeal blood pump, 
preferably of a peristaltic type, and suitable blood lines. 

3. Apparatus according to claim 1 or 2, whereby said means for 
reacting low molecular components of said blood with said chemical 
agent comprise at least one molecular sieve filter which separates said 
chemical agent from said blood, whereby said low molecular 
components of said blood, including said amino acids, can move 
across said filter and react with said chemical agent. 

4. Apparatus according to one of the claims 1 to 3, whereby said 
chemical agent reduces said concentration by selective adsorption of 
at least one of said essential amino acids. 

5. Apparatus according to one of the claims 1 to 3, whereby said 
chemical agent is an enzyme which reduces said concentration by 
selective decomposition of said amino acids. 

6. Apparatus according to one of the claims 1 to 3, whereby said 
means for increasing said concentration by addition of said essential 
amino acids to said blood comprise an injection pump. 
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7. Apparatus according to one of the claims 1 to 6, whereby said 
means for measuring said concentration of said essential amino acids 
in said blood comprise an amino acid analyzer. 

8. Apparatus according to one of the claims 1 to 7, whereby said 
means for executing a pre-programmed sequence of changes of said 
concentration comprise at least one computer controlling and 
receiving data from said means for measuring said concentration of 
said essential amino acids; controlling said means for moving said 
blood through said means for reacting said low molecular components 
of said blood with said chemical agents; and controlling said means for 
increasing said concentration of said essential amino acids. 

9. Apparatus according to one of the claims 1 to 8 whereby said 
pre-programmed sequence spans a finite time in the range of one to 
seven days. 

10. Apparatus according to one of the claims 1 to 9 whereby said 
pre-programmed sequence comprises at least four stages, whereby 
said concentration at the first level during the time of the first stage 
causes all cells in the body to enter the rest phase, and said 
concentration at the second level during the time of the second stage 
allows tumor cells to reenter cycle, but does not allow normal cells to 
reenter cycle, and said concentration at the third level during the time 
of the third stage causes majority of cycling tumor cells to die, and 
said concentration at the fourth stage is the normal concentration 
allowing normal cells to resume cycling. 

11. Apparatus according to one of the claims 1 to 10, whereby said 
blood is diluted by a fluid prior to entry into said filter and then 
concentrated in said filter, whereby said dilution fluid carries said low 
molecular components of said blood through said filter into said 
means for reacting said low molecular components with a chemical 
agent which reduces concentration of at least one of the essential 
amino acids. 

12. Apparatus for blood treatment comprising: 



WO 95/04560 



PCT7EP94/02640 



-28- 

(a) an extracorporeal blood pump; 

(b) an extracorporeal blood filter; 

(c) tubing to connect components (a) and (b) into a closed 
extracorporeal circulation between an artery and a vein, 

whereby said filter selectively eliminates said amino acid from the 
blood. 

13. Apparatus according to claim 12, whereby said filter selectively 
adsorbs said amino acid. 

14. Apparatus according to one of the claims 12 to 13, whereby said 
selective adsorption is achieved by aminoacyl-tRNA synthetase 
specific to said amino acid and is powered by ATP. 

15. Apparatus according to claim 14, whereby said aminoacyl-tRNA 
synthetase is bound to a gel. 

16. Apparatus according to one of the claims 12 to 13, whereby said 
selective adsorption is achieved by tRNA specific to said amino acid 
and is catalyzed by aminoacyl-tRNA synthetase specific to said amino 
acid and is powered by ATP. 

17. Apparatus according to claim 16 whereby said tRNA is bound to 
a gel. 

18. Apparatus according to claim 16 whereby said aminoacyl-tRNA 
synthetase is v bound to a gel. 

19. Apparatus according to claim 12, whereby said filter selectively 
decomposes said essential amino acid. 

20. Apparatus according to claim 19, whereby said decomposition is 
achieved by one of the natural amino acid degradative enzymes. 

21. Apparatus according to claim 20, whereby said enzymes are 
selected from the following: threonine aldolase for threonine, 
phenylalanine hydroxylase for phenylalanine, arginase for arginine, 
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histidine ammonia-lyase for histidine, tryptophan 2,3-dioxygenase 
for tryptophan. 

22. Apparatus according to claim 20, whereby said enzyme is bound 
to a gel. 

23. Apparatus according to claim 12, whereby said blood filter for 
said selective elimination of said amino acid incorporates a secondary 
circulatory external flow separated from the blood flow by a 
molecular sieve. 

24. Apparatus according to claim 23, whereby said selective 
elimination of said amino acid is achieved by enzymatic means limited 
to said secondary circulatory external flow. 

25. Apparatus for blood treatment comprising: 

(a) an extracorporeal blood pump; 

(b) the first extracorporeal filter of hollow fiber type; 

(c) an extracorporeal blood-plasma fraction pump; 

(d) the second extracorporeal filter of gel-bed type; 

(e) tubing to connect components (a), (b), (c), and (d) so that arterial 
blood is pumped by (a) through said hollow fibers of (b) and returned 
into venous blood flow, while the low-molecular fraction of blood 
plasma which filters through said hollow fibers is pumped by (c) 
through (d) forming a secondary closed external circulation between 
(d) and the extrafibrilar space of (b), 

whereby said first filter separates blood cells and high-molecular 
weight substances from said blood-plasma fraction containing amino 
acids, and said second extracorporeal filter, supplied by said blood- 
plasma fraction pump, selectively eliminates said essential amino acid 
from said blood-plasma fraction . 

26. Apparatus according to claim 25, whereby said second filter of 
gel-bed type selectively adsorbs said amino acid. 
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27. Apparatus according to claim 26, whereby said selective 
adsorption is achieved by aminoacyl-tRNA synthetase specific to said 
amino acid and is powered by ATP. 

28. Apparatus according to claim 26, whereby said selective 
adsorption is achieved by tRNA specific to said amino acid and is 
catalyzed by aminoacyl-tRNA synthetase specific to said amino acid 
and is powered by ATP, and where either said tRNA or said 
aminoacyl-tRNA synthetase specific to said amino acid is gel-bound. 

29. Apparatus according to claim 25, whereby said second filter of 
gel-bed type selectively decomposes said essential amino acid. 

30. Apparatus according to claim 29, whereby said decomposition is 
achieved by one of the natural amino acid degradative enzymes. 

31. Apparatus according to claim 30, whereby said enzyme is 
selected from the following: threonine aldolase for threonine, 
phenylalanine hydroxylase for phenylalanine, arginase for arginine, 
histidine ammonia-lyase for histidine, tryptophan 2,3-dioxygenase 
for tryptophan. 

32. Apparatus for blood treatment comprising: 

(a) an extracorporeal blood pump; 

(b) the first filter of hollow fiber type; 

(c) the first filter filtrate pump; 

(d) the second filter of hollow fiber type; 

(e) the second filter filtrate pump; 

(f) a reactor chamber; 

(g) fluid lines to connect components (a), (b), (c), (d), (e) and (f) so 
that arterial blood is pumped by (a) through said hollow fibers of (b) 
and returned into venous blood flow, while said filtrate of (b) carrying 
low-molecular fraction of blood plasma is pumped by (c) through (f) 
and into said hollow fibers of said second filter (d), whereby the 
concentrate of said second filter (d) is mixed with said first filter 
filtrate prior to entry into (f), whereby said second filter filtrate is 
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pumped by (e) to mix with said arterial blood prior to entry into said 
first filter (b), 

whereby said first filter separates blood cells and high-molecular 
weight substances from said blood-plasma fraction containing amino 
acids, and said second filter separates enzymes which selectively 
eliminate at least one of said amino acids from a blood diluting fluid 
which is circulated between said two filters. 

33. Apparatus according to claim 32, whereby recirculating fluid 
flow through the jackets of said filters is controlled by additional 
pumps connecting the inlet and outlet ports of said jackets. 

34. Apparatus according to claims 32 or 33, whereby said filters 
comprise means for controlling the average pressure within said 
jackets of said filters. 

35. Apparatus for blood treatment whereby said blood is passed 
through two or more blood treatment stages comprising filters 
according to claims 11 to 34. 

36. A method for treating blood of tumor patients by controlling the 
concentration of at least one amino acid in said blood to kill the tumor 
cells of said tumor patients without killing the normal cells of said 
tumor patients, said method comprising the steps of: 

measuring the level of said amino acid in said blood to 
determine the normal level of the amino acid; 

determining a first level of said amino acid that will result in all 
cells entering the rest phase during a first period of time; 

determining a second level of said amino acid that allows tumor 
cells to reenter cycle, but does not allow normal cells to reenter cycle 
in a second period of time; 

determining a third level of said amino acid that causes cycling 
cells to die in a third period of time; 

decreasing the concentration of said amino acid to said first 
level for said first period of time, wherein all cells enter the rest 
phase; 
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increasing the concentration of said amino acid to said second 
level for said second period of time, wherein said tumor cells reenter 
cycle, but said normal cells do not reenter cycle; 

decreasing the concentration of said amino acid to said third 
level, for said third period of time, wherein the cycling tumor cells 
die; and 

increasing the concentration of said amino acid to said normal 

level. 

37. The method of claim 36 wherein the amino acid concentration is 
decreased by extracorporeal blood circulation, wherein the blood is 
passed through a filter that separates out a fraction containing amino 
acids, and reacting said amino acid with an absorption or 
decomposition agent. 

38. The method of claim 37 whereby said decomposition agent is a 
degradative enzyme selected from the following: threonine aldolase 
for threonine, phenylalanine hydroxylase for phenylalanine, arginase 
for arginine, histidine ammonia-lyase for histidine,tryptophan 2,3- 
dioxygenase for tryptophan. 

39. Use of amino acid degradative enzymes for the method 
according to claims 37 to 38 in order to decrease said concentration of 
said amino acids. 

40. Use according to claim 39, whereby said enzymes are selected 
from the following: threonine aldolase for threonine, phenylalanine 
hydroxylase for phenylalanine, arginase for arginine, histidine 
ammonia-lyase for histidine, tryptophan 2,3-dioxygenase for 
tryptophan. 

41. Use of aminoacyl-tRNA synthetases and ATP for the method 
according to claim 37 in order to decrease said concentration of said 
amino acids. 

42. Use of amino acid tRNA's, aminoacyl-tRNA synthetases and ATP 
for the method according to claim 37 in order to decrease said 
concentration of said amino acids. 
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43. Use of amino acids for the method according to claims 36 in 
order to increase said concentration of said amino acids. 

44. A method for treating blood of tumor patients by controlling the 
concentration of at least one amino acid in said blood, said method 
comprising the steps of: 

measuring the level of said amino acid in said blood to 
determine the normal level of the amino acid; 

determining a first level of said amino acid that will result in all 
cells entering the rest phase during a first period of time; 

determining a second level of said amino acid that allows tumor 
cells to reenter cycle, but does not allow normal cells to reenter cycle 
in a second period of time; 

decreasing the concentration of said amino acid to said first 
level for said first period of time, wherein all cells enter the rest 
phase; 

increasing the concentration of said amino acid to said second 
level for said second period of time, wherein said tumor cells reenter 
cycle, but said normal cells do not reenter cycle; 

thereby synchronizing tumor cells for further conventional 
treatments of radiation or chemotherapy. 
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